Songbirds are generally considered diurnal, although many species show periodic nocturnal activity during migration seasons. From a breedingrange perspective, such migratory species appear to be diurnal because they are observed to nest and feed their young during the day. But are they really exclusively diurnal? The authors tested how a passerine long-distance migrant, the Eurasian reed warbler, schedules movements during the breeding period by tracking birds in 2 experimental situations: 1) Birds experienced simulated nest loss and were monitored during their search for alternative locations, and 2) birds were translocated to reed beds at distances from 2 to 21 km and tracked during homing. The simulated unpredictable events disrupted normal breeding, forced birds to move over relatively long distances, and triggered rapid change in diel activity. In all but 1 case, birds resorted to nocturnality to find their way home and to search for new places to breed. Nocturnality during the breeding season indicates that songbird schedules are far more flexible than previously assumed. The reasons for nocturnal movements are poorly understood. Among the presumed advantages, the reduced predation pressure at night stands out because it is advantageous for movements on local as well as global scales. Predation may be particularly relevant for inhabitants of fragmented habitats, which encounter unfavorable conditions when crossing gaps in their preferred habitat. Therefore, similar selection pressures around the year may have favored the evolution of a general circadian mechanism for switches to nocturnality. Furthermore, the novel finding of homing and dispersal at night may give leads toward understanding the still enigmatic navigational abilities of songbirds.
Birds, in general, and songbirds, in particular, are considered to be predominantly diurnal. Known exceptions include mostly nonpasserines, for instance, owls, waterbirds, and nightjars (Martin, 1990) . Some mammalian species shift schedules in direct response to ecological factors, for example, food availability or predation pressure (Halle and Stenseth, 2000; Menaker, 2006; Mrosovsky, 2003) . In contrast, avian timing is thought to be relatively inflexible and to track daylight conditions closely (Daan and Aschoff, 1975) . Next to occasional night song, a notable exception is the spontaneous initiation of nocturnality (Zugunruhe) during migration seasons in otherwise diurnal songbirds (Berthold, 1988; Gwinner, 1967; Newton 2008) . This nocturnality has been viewed as strictly related to migration and is thought to be an adaptation for prolonged journeys (Berthold, 1996 ; but see Helm and Gwinner, 2006) .
However, seasonal migration is not the only type of long-distance movement that birds perform (Helm, 2006) . For example, some passerines cover large distances when looking for optimal foraging sites at their winter quarters (Terrill, 1990) , and juveniles perform extensive exploratory movements before autumn migration (Mukhin, 2004; Mukhin et al., 2005) . Furthermore, birds may adjust the diel schedules of locomotory and vocal behavior more flexibly than commonly assumed, for instance, in response to food availability, social circumstances, captive conditions, noise, and stress (Amrhein et al., 2002; Fuller et al., 2007; Fusani and Gwinner, 2004; Gwinner and Czeschlik, 1978; Gwinner et al., 1988; Ramenofsky and Wingfield, 2006) . All this suggests that nocturnality is not an exclusive feature of migration. We propose that selection pressures favoring the evolution of nocturnal migration may also have influenced the timing of nonmigratory behaviors. If so, we predict that movements at night are not restricted to migration seasons but, rather, evolved as behavioral adaptations whenever birds cover relatively long distances.
To test our hypothesis, we examined the part of the annual cycle during which nocturnal migrants are thought to be the most diurnal, that is, the time when they feed their young, and selected the Eurasian reed warbler, Acrocephalus scirpaceus, as a study species. This passerine long-distance migrant is known from field and captive studies to migrate at night (Åkesson et al., 2001; Herremans, 1990; Mukhin, 1999) . It breeds in patchily distributed reed stands that may be separated by extensive, inhospitable habitat. We induced movements over considerable distances during the breeding season and recorded the timing of flight activity in the following ways: 1) By simulating nest predation, we induced reed warblers to leave their breeding sites for new nesting locations. Other studies have shown that after losing nests, birds usually depart from unsuccessful territories and search for alternative sites (Berndt and Sternberg, 1968; Greenwood and Harvey, 1982) . The patchy distribution of reed stands led us to expect that in reed warblers, the range of such within-season breeding dispersal may exceed several dozen kilometers.
2) We translocated male reed warblers from their breeding sites to remote reed beds. Homing behavior after translocation has been described for many passerines (Wiltschko, 1992) . It occurs naturally in species whose foraging movements are long distance, but not in Acrocephalus warblers. Therefore, the scheduling of return flights by reed warblers should reflect their general preference for the timing of longer movements.
MATERIALS AND METHODS
We studied Eurasian reed warblers at our research site in Rybachy, on the Baltic coast of Russia (55°09′N, 20°51′E), in 2006 and 2007.
Experimental Design
Simulated nest predation. Twelve breeding pairs were radio-tagged and their nestlings subsequently taken into captivity and hand raised (in 2006) or placed into nearby nests of other pairs (in 2007). Nestlings were removed in late June and July, at a time when local reed warblers frequently lay repeat clutches. After tagging and before simulated predation, birds were recorded for 2 to 3 days to obtain comparative data on diel activity patterns during chick feeding.
Translocation. Eight breeding males (3 in 2006 and 5 in 2007) were captured at their nests by automatic clapping traps in July and early August during chick feeding. The birds were displaced to a remote reed bed (Rybachy; Fig.1 ) and released during daytime, usually within an hour after trapping. Displacement distances varied between 1.7 and 20.6 km (1.7; 2.0; 8.8; 11.6; 17.5; 19.1; 20.6) . The reed beds were isolated from each other by other types of habitat ( Fig. 1) , except for 2 cases (1.7 and 2.0 km) in which reedlined ditches provided a corridor between capture and release sites. Removal of males interferes little with breeding because in Acrocephalus warblers, males often desert broods, while females successfully raise nestlings on their own (Ezaki, 1988) .
All birds were marked with LB-2N transmitters (Holohil Systems, Carp, Ontario, Canada) and monitored around the clock. We recorded exact locations every 30 to 60 min at daytime and continuously during the night from observation towers. Birds were defined as nocturnally active if 1) at least 1 movement at night was recorded by our method, which is sensitive to relocation over 20 to 30 m, or if 2) a bird completely left the site by nocturnal flight (for details of radio tracking see (Mukhin et al., 2005) . Data are given as mean ± SD.
RESULTS

Movements after Simulated Nest Predation
No birds engaged in nocturnal flight activity during the nights between radio-tagging and simulated nest loss. After nest loss, neither pairs nor pair members tried to renest in the same reed patch. Of the 5 pairs tracked in 2006, 6 birds (4 males and 2 females) left the area at night. Of the remaining 4 birds, 1 lost the transmitter and was subsequently retagged, 2 females remained at the breeding site throughout the life span of the transmitter (19 and 20 days), and 1 individual suffered predation. In 2007, 7 breeding pairs were tracked, and of these, 10 birds (5 males and 5 females) left their breeding sites by nocturnal flights while 4 birds remained stationary until transmitters failed (20-25 days after tagging).
Time span between nest loss and emigration.
The minimum time lag between nest loss and nocturnal departure was 2 days, and the maximum was 14 days (mean ± SD: 5.9 ± 3.6; n = 15). The bird that was retagged after its first transmitter failed departed on the 42nd night, probably on migration, and was excluded from this analysis.
Time of emigration.
No bird left the site of failed breeding during the day. The mean departure time was 3 h and 38 min (217.9 ± 103.1 min; n = 16) min after sunset, that is, during astronomical twilight (Fig. 2) , the darkest time of night during the study period.
Relocation records. After departure from the breeding site, only 2 birds were relocated. One male was located on the morning after departure at a distance of 2 km ( Fig. 1 ; Lake Chaika), spent 2 days in this area, and left on the 3rd night between 2230 h and 0500 h Eastern European Summer Time (EEST). A single female reappeared at the breeding site 9 days after departure in the middle of the night (0025 h) and left again by nocturnal flight only 20 min later.
Because relocations were rare, whether experimental birds attempted to renest after leaving unsuccessful breeding sites remained unknown. The control area extended over approximately 40 km along the Courish Spit (Fig. 1 ), but the beeline distance to the nearest uncontrolled reed beds was only 20 km (east bank of lagoon). Except for the 1 bird mentioned above, departure distances of all experimental birds exceeded the size of the controlled area, and within-season breeding dispersal distance was thus, at minimum, 20 km.
Homing after Translocation
Of the 8 displaced males, only 1 homed during the day. This bird was released at a distance of 2.0 km and was able to return to its nest along reed-lined ditches on the following day. The remaining 7 males spent 2 to 8 nights (5.0 ± 2.3; n = 7) at the release site without flight activity and subsequently returned to their nests at night. They commenced flight during the darkest part of the night (Fig. 3) , on average 4 h 32 min (271.8 ± 81.3 min) after sunset, that is, during astronomical twilight. The males that were recorded at their nests upon arrival had returned by a single nocturnal flight. The only exception was a male that flew for 1.5 km during the 1st night and reached the nest in the 2nd night after covering an additional 7.7 km. Another male found the nest predated on the 5th night, after returning from displacement by 17.5 km. During the next night the bird went back to the release site, where it remained for 38 days without any nocturnal activity until it was trapped to remove the transmitter.
DISCUSSION
We had proposed that nocturnally migrating reed warblers also use nocturnality for movements at other times of year, including the breeding season. The 2 experimental approaches used to test this idea, within-season breeding dispersal and homing, both clearly confirmed our hypothesis. Reed warblers relied almost exclusively on night flights to solve their spatial problems on both a global scale (migration) as well as a local scale for bridging distances of as little as 1.5 km. Our experiments did not include control birds that were tagged and left undisturbed, and we therefore cannot exclude possible night flights even during uninterrupted breeding. However, since all pairs were recorded for at least 2 nights before nest predation and none of the 24 birds showed nocturnal activity, the night flights almost certainly occurred in response to interrupted breeding.
The reported nocturnal breeding-season flights are novel findings for songbirds. Whereas to our knowledge nightly breeding dispersal has never been reported in birds, our study revealed consistent nocturnality in all tested Eurasian reed warblers. Two nonexclusive hypotheses may explain this discrepancy: First, nocturnal flights outside migration seasons may simply have been overlooked. We still know far too little about the diel behavior of free-living birds and of animals in general (Berthold, 1988; Gattermann et al., 2008; Helm, 2006; Mukhin, 2004; Mukhin et al., 2005) to assess this possibility. Second, reed warblers inhabit highly fragmented habitats, which, in turn, are known to impede daytime movements (Bélisle et al., 2001; Gobeil and Villard, 2002) . Nocturnal movements could therefore be particularly adaptive for reed warblers and other habitat specialists with patchy spatial distribution. Preliminary results suggest that nocturnal homing may also occur in other Acrocephalus warblers, while more flexible species-those that inhabit more contiguous habitats (e.g., pied flycatcher, Ficedula hypoleuca)-may rely less on nocturnality for their movements, at least over local spatial scales.
Night flights during the breeding season in songbirds are inconsistent with the current view that nocturnality is restricted to migration. The induced movements are distinct from migration not only because they occurred during the breeding season but also because most likely they were responses to environmental perturbation (Wingfield, 2003) . Migratory nocturnal restlessness is a fixed part of the annual cycle that starts spontaneously during migration seasons, often even in the absence of environmental cues (Gwinner, 1967 (Gwinner, , 1996 . In contrast, facultative movements, such as those reported here, occur in response to unpredictable environmental factors at various times during the year (Helms, 1963; Gwinner et al., 1988; Terrill, 1987; Wingfield, 2003) . Disruption of the usual sequence of life history stages, for example, after clutch or partner loss, causes a shift to the emergency life history stage, which, in turn, may require a "leave-it" strategy (Wingfield, 2003) to prevent mortality or repeated nest failure at a poor site. The mechanisms of such facultative movements are thought to differ from those underlying true migration, including diel organization (Gwinner and Helm, 2003; Ramenofsky et al., 2003) , but the data from reed warblers challenge this view by presenting clear evidence for nocturnality.
The nocturnal movements are also inconsistent with current views of songbird homing. With the exception of a single purple martin (Progne subis; Southern, 1959) , passerines tested for homing abilities, including nocturnal migrants, chose to return during the day (Wiltschko, 1992) . Therefore, return after displacement, when songbirds homed during the day, appeared to be distinct from return after migration, when songbirds navigated at night. In contrast to this view, reed warblers used a nocturnal strategy to solve navigational problems both during migration and outside migration seasons. Their successful homing at night could be interpreted as indicating a special capacity, since almost all reed warblers alighted during the darkest part of night (see Fig. 2 and 3) and none homed under overcast skies. However, that a small proportion of well-trained pigeons (Keeton, 1974; Lipp, 1983 ) and a purple martin (Southern, 1959) also homed at night argues against the hypothesis that nocturnality is a unique navigational ability (Wiltschko and Wiltschko, 2003) . Homing is thought to comprise 2 steps: a map step involving localization relative to a goal and a compass step involving orientation toward the goal (Map-and-Compass model; Kramer, 1957) . Our observations of nocturnal homing could contribute to understanding the compass step. Reed warblers may have used cues that are available around the clock. Notably, the time lag between time of release and time of nocturnal departure for homing was never shorter than 2 full nights. During this time, the birds may have collected site-specific information to determine their position relative to home or (re)calibrated compass information (Cochran et al., 2004; Muheim et al., 2006 Muheim et al., , 2007 .
The consistent choice of nighttime for local flights suggests that similar selective pressures may affect the scheduling of movements during and outside migration periods. Local-scale night flights could suggest that nocturnality, originally evolved as an adaptation for long migratory flights, can be extended to other behavioral contexts ("exaptations"; Gould, 1991; Gould and Vrba, 1982; Piersma et al., 2005) or, conversely, could underlie the evolution of nocturnal migration. Species comparisons indicate that evolutionary transitions from diurnal to nocturnal migration are common.
In several taxa, for example, finches, buntings, and phasianids, most species are diurnal migrants, but exceptional species move at night. Our findings from reed warblers can be used to examine the general applicability of candidate hypotheses for the function of nocturnal flight (Berthold, 1996; Newton, 2008) :
Energy saving and dehydration avoidance. The idea that aerodynamic characteristics of the night atmosphere are more favorable for flight could explain nocturnal migration but is most likely not relevant for localscale flights.
Daytime feeding and time gain. Both hypotheses assume that flying at night allows birds to use much of the daytime to feed and build fuel reserves, leading to reduction of the overall time spent on migration. Such time gains would not be relevant for local-scale movements.
Stellar compass. Stars, which are used during migration, may also be used at other times of year to select and maintain direction. However, stellar cues are unlikely to dictate nocturnality because compass cues are available during the day and several nocturnal migrants are known to successfully home during the day (Wiltschko, 1992) ; moreover, current data do not support true navigation by stars (Emlen, 1967a (Emlen, , 1967b Gould, 1982) .
Predator avoidance. This hypothesis is relevant for movements across unfamiliar landscapes regardless of distance traveled. Our experimental approaches induced reed warblers to cross suboptimal habitats between reed stands, and such movements during daytime may be much more dangerous for habitat specialists than a 1-h night flight over 40 km (Bélisle and Desrochers, 2002) . It is noteworthy that during daytime, this species is reluctant to cross habitat gaps of more than a few hundred meters (Bosschieter and Goedhart, 2005) . Therefore, in reed warblers, predator avoidance is a likely selective force for nocturnal movements regardless of their scale and at all stages of the annual cycle.
From a chronobiological perspective, nocturnal flights of reed warblers during the breeding season provide further evidence that diel timing in songbirds is more flexible than has been conventionally assumed (Helm and Gwinner, 2006; Mukhin et al., 2005) . We suggest that in reed warblers, nocturnality may be based on a general circadian mechanism that does not differ in principle between migratory and nonmigratory seasons (Gwinner and Helm, 2003) . As has been shown for migratory restlessness, daytime and nighttime activity may be based on separate circadian oscillators (Bartell and Gwinner, 2005) . During migration seasons, the oscillators uncouple and stabilize in antiphase, so that birds are usually active at night. Outside migration seasons, both oscillators are normally coupled and the birds are diurnal. However, during as well as outside migration seasons, nocturnal activity can rapidly be switched on or off by environmental factors including food supply or, as we show here, interruptions of breeding (Fusani et al., 2009; Gwinner et al., 1988; Gwinner, 1996; Helms, 1963; Terrill, 1987) . Accordingly, the main difference in the circadian system between migration and nonmigration seasons may be in degree of coupling between oscillators that are sensitive to environmental input. How does environmental input trigger changes in activity patterns that occur after nest predation or translocation? What physiological events precede nocturnal activity during the breeding season? What cues are used during nocturnal flight? Subsequent experiments may answer such questions by taking advantage of the results we present for nocturnal flights among passerine birds.
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